Glutaminolysis, a metabolic process that converts glutamine to glutamate, is particularly important for the central nervous system since glutamate is the major transmitter of excitatory synapses. Glutaminase is the mitochondrial enzyme that catalyzes the first step of glutaminolysis. Two genes encode at least four isoforms of glutaminase in humans. Gls1 gene encodes isoforms kidney-type glutaminase (KGA) and glutaminase C (GAC) through alternative splicing, whereas Gls2 gene encodes liver-type glutaminase isoforms. KGA and GAC have been associated with several neurological diseases. However, it remains unclear whether changes in their expressions can directly cause brain abnormalities. Using a transgenic approach, we generated mice that overexpressed GAC in the brain. The resulting transgenic mice had severe impairments in spatial and fear learning compared with littermate controls. The learning deficits were consistent with diminished hippocampal long-term potentiation in the hippocampal slices of the GAC transgenic mice. Furthermore, we found increases in astrocyte and microglia markers, inflammatory factors, and a decrease in synapse marker synaptophysin, suggesting neuroinflammation and synaptic changes in the GAC transgenic mouse brains. In conclusion, these findings provide the first evidence that GAC overexpression in the brain has deleterious effects on learning and synaptic integrity in vivo.
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Introduction
Glutamate is the major transmitter of excitatory synapses in the central nervous system (CNS) (Komuro and Rakic, 1996) . It is essential for physiologic processes including neural development, synaptic plasticity, learning, and memory (LoTurco et al., 1991; McEntee and Crook, 1993) . However, at excess levels, glutamate induces neuronal injury in the form of excitotoxicity. Excitotoxicity has been linked to the pathogenic processes of various CNS disorders (Benveniste, 2009; Kanellopoulos et al., 2000; Rao et al., 1998; Xu et al., 2004) and neurodegenerative diseases including HIV-1-associated neurocognitive disorders (HAND) (Killestein et al., 2005; Zhao et al., 2004; Zoia et al., 2005) . In CNS, glutamate is typically derived from glutamine by the mitochondrial enzyme glutaminase. The reaction formula is: Glutamine + H 2 O ? Glutamate + NH 3 . Two genes (Gls1 and Gls2) encode at least four isoforms of glutaminase in humans. Glutaminase isoforms encoded by Gls1 are the predominant glutamine-utilizing and glutamateproducing enzymes in CNS, compared with isoforms encoded by Gls2 (Baglietto-Vargas et al., 2004) . Gls1 encodes glutaminase C (GAC) and isoform kidney-type glutaminase (KGA) isoform through alternative splicing. GAC shares the same functional region of KGA, but possesses a unique C-terminal (Porter et al., 2002) . The reaction catalyzed by GAC and KGA is energetically favorable, so both enzymes must be tightly regulated to prevent excess glutamate generation and excitotoxicity (Erdmann et al., 2006 
